Aim Disturbance and connectivity shape the structure and spatial distribution of animal populations in all ecosystems, but the combined effects of these factors are rarely measured in coastal seascapes. We used surf zones of exposed sandy beaches in eastern Australia as a model seascape to test for combined effects of coastal urbanization and seascape connectivity (i.e. spatial links between surf zones, estuaries and rocky headlands) on fish assemblages.
INTRODUCTION
When one tugs at a single thing in nature, they find it attached to the rest of the world.
John Muir Animals move among habitats in landscapes and seascapes to feed, reproduce and disperse and thereby connect populations, food webs and ecosystems (Loreau et al., 2003; Massol et al., 2011; Olds et al., 2016) . This landscape connectivity is pivotal for the persistence of all organisms and is central to the recovery of ecosystems from disturbance (Cumming, 2011; Kool et al., 2013) . It is also an important consideration in conservation because human actions impact landscapes and connectivity in many ways, with wide-ranging, and frequently adverse, effects on both animals and their habitats (Fischer & Lindenmayer, 2007; Tscharntke et al., 2012; Beger et al., 2015) . Well-known examples that illustrate the broad reach of human impacts on connectivity include logging and urban development, which fragment tropical forests and imperil iconic primates and felines (Hardus et al., 2012; Carter et al., 2013) ; urbanization and hunting, which threaten shorebirds and ungulates at critical points on their migratory paths (Craigie et al., 2010; Runge et al., 2015) ; and infrastructure and fishing practices, which obstruct fish movement along rivers and among habitats in coastal seascapes (Layman et al., 2007; Darimont et al., 2010) .
In coastal waters, the area, quality and configuration of ecosystems can structure the spatial distribution, movement and diversity of animals in seascapes (Grober-Dunsmore et al., 2009; Bostrom et al., 2011) . Effects of connectivity on animal populations are particularly well documented for tropical seascapes supporting mangroves, seagrass and coral reefs (Sheaves, 2009; Olds et al., 2016) , and temperate regions containing marsh, seagrass and oyster reefs (Kneib, 1997; Micheli & Peterson, 1999) . Seascape connectivity (i.e. landscape connectivity in the sea) is also central to the provision of many services that humans expect to receive from coastal environments, including productive fisheries (Nagelkerken et al., 2015) , good water quality (Beger et al., 2010) , healthy ecosystems and shoreline protection (Saunders et al., 2014) . Human populations are, however, also concentrated in coastal areas, and our actions (e.g. urbanization, fishing, resource extraction) degrade water quality, fragment habitats and reduce biodiversity in seascapes (Atwood et al., 2015; Graham et al., 2015; Huijbers et al., 2015a) . Human disturbances and connectivity may, therefore, exert joint, putatively opposing, effects on animals in coastal seascapes -this hypothesis is rarely tested with empirical data.
Exposed sandy beaches and their surf zones provide a natural laboratory that is ideal to examine what effects coastal cities and seascape connectivity have on animals . These habitats dominate the worlds' coastlines and comprise approximately 70% of the global interface between the land and the sea (Dugan et al., 2010) . Beaches are of immense value to society as prime sites for recreation, development and fishing; they provide critical habitat for species that are of great significance for fisheries and conservation, but are also under stress from escalating human pressures (Defeo et al., 2009; Huijbers et al., 2015b; Schlacher et al., 2016) . Effects of urbanization on coastal fauna are geographically widespread and encompass impacts on the distribution and abundance of most taxonomic groups, including invertebrates (Hubbard et al., 2014) ; fish (Wilber et al., 2003) , reptiles (Rizkalla & Savage, 2011 ), birds (Meager et al., 2012 and mammals (Schmidt et al., 2012) . Coastal urbanization similarly affects the spatial distribution of key ecological functions (e.g. carrion removal) on beaches (Huijbers et al., 2015b) . Animals on beaches and in the surf are also strongly influenced by spatial linkages with other ecosystems, but these connectivity effects have not been widely studied . Well-known examples that illustrate effects of connectivity on animals at the dune-beach-surf interface include local movements of fish and birds among habitats (Ayvazian & Hyndes, 1995; Schlacher et al., 2014) , regional dispersal of invertebrates and fishes along coastlines (Able et al., 2013; Schoeman et al., 2015) and global migrations of turtles and shorebirds between feeding and nesting locations (Hays, 2008; Runge et al., 2015) .
We used the sandy beaches of eastern Australia as a model seascape to test whether and how coastal cities and seascape connectivity affect coastal fish populations. This area contains a strong urbanization gradient known to affect local populations of invertebrates and birds, as well as key ecological functions on beaches (Meager et al., 2012; Noriega et al., 2012; Huijbers et al., 2015b) . Seascape connectivity (i.e. spatial links between surf zones, estuaries and rocky headlands) also influences habitat selection and dispersal by birds and fishes across the region (Zeller et al., 1996; Werry et al., 2012; Schlacher et al., 2014) . In addition, surf zones of this coastline support numerous iconic fish species that are harvested heavily in local fisheries (e.g. flathead, flounder, whiting) or are the focus of international conservation efforts (e.g. sharks, rays, guitarfish) (White et al., 2013; Jordan & Creese, 2015; Webley et al., 2015) . Given the established negative effects of urbanization on local beach invertebrate populations (Noriega et al., 2012) , we anticipated that coastal cities would have negative effects on benthic feeding piscivores and zoobenthivores, such as dart (Carangidae), flathead (Platycephalidae) and toadfish (Tetraodontidae). By contrast, connectivity was hypothesized to modify the distribution of omnivorous fishes (i.e. species capable of feeding on a range of resources across multiple habitats) and species that use either estuarine habitats as nurseries or rocky reefs as spawning sites, such as flounder (Paralichthyidae), whiting (Sillaginidae), and sharks, rays and guitarfish (Elasmobranchii).
METHODS

Study seascape
We surveyed fish in the surf zones of 14 exposed sandy beaches in South East Queensland and northern New South Wales, Australia (25°53
between November and December 2014. Sites were distributed along 400 km of coastline from Rainbow Beach in the north to Byron Bay in the south ( Fig. 1) and encompassed a gradient of urbanization from near-wilderness areas (e.g. Stradbroke Island) to highly modified surf beaches fronting coastal cities (e.g. Gold Coast). This coastline contains a wide variety of land uses and supports a heterogeneous seascape that includes exposed sandy beaches, estuaries and rocky headlands (Olds et al., 2012a; Huijbers et al., 2015b) . There is considerable variation in the spatial properties of these systems (e.g. estuary size, habitat diversity, urbanization), which makes this region ideal for testing the response of surf fishes to coastal urbanization and seascape connectivity.
Coastal urbanization was measured as the cover of urban land (i.e. housing, roads, infrastructure) bordering each beach (refer to Huijbers et al., 2015b) and quantified at two scales that correspond to local home-range movements (kms) and ontogenetic migrations (10s of kms) of coastal fishes in the study area (Olds et al., 2012b; Green et al., 2014) . We quantified the intensity of urban development within 4 km 2 (kms of beachfront) and 133 km 2 (10s of kms of beachfront) of the centre point of each study beach. The level of seascape connectivity between surf zones and adjacent habitats (i.e. estuaries, rocky headlands) was calculated in ARCGIS (ESRI, Redlands, CA, USA) using three spatial metrics (Wedding et al., 2011) that are expected to affect the distribution and abundance of fishes in surf zones: (1) distance to the nearest estuary, (2) width of the nearest estuary (mouth width at low tide) and (3) distance to the nearest rocky headland (Ayvazian & Hyndes, 1995; Valesini et al., 2004; Crawley et al., 2006) . The composition of surf fish assemblages can be modified by spatial and temporal variation in exposure, wave properties and the density of drifting macrophytes in surf zones (McLachlan & Brown, 2006) . We determined latitude, wind speed and direction, wave height and frequency, and macrophyte density at each beach to test whether these influenced fish metrics in addition to the hypothesized effects of cities and connectivity. Macrophyte density was quantified from still frames extracted from video Figure 1 Location of study beaches in eastern Australia. The size of location markers is scaled to the cover of urban land behind each beach. Photographs illustrate the degree of urbanization, and type of connectivity at selected beaches. Colour figure can be viewed at wileyonlinelibrary.com footage used to census fish abundance; five images were selected from each hour of footage (separated by 15 min), and macrophyte density was estimated using a grid of 18 fixed points overlain on each image (Gilby et al., 2015) .
Fish surveys
Fish assemblages in surf zones were surveyed using purposebuilt (by the authors) 'surf baited remote underwater video stations' (Surf-BRUVS). Surf-BRUVS consisted of a GoPro Camera (Hero4) attached to a bait bag containing 500 g of chopped pilchards and squid. We used two types of Surf-BRUVS: a mid-water unit, which was attached to a buoy and drifted through surf zones to survey fish at depths of 1-5 m, and a benthic unit, which was attached to a 5 kg weight and surveyed fish and crustaceans on the seafloor at depths of 3-5 m. Cameras were deployed at 200-m intervals along a transect parallel to the beach and seawards of the first line of breakers. Each beach was surveyed on two different days, and on each sampling event, we deployed six mid-water and six benthic Surf-BRUVS per beach. Each surf-BRUVS deployment sampled fish for 1 h, giving a total video sampling time of 24 h per beach and 336 h overall for the study. Surf fish assemblages are characterized by high temporal variation with changes in season, diel period and tidal state (Layman, 2000; Beyst et al., 2002) ; to standardize for these temporal effects, we restricted sampling to daytime high tides (i.e. within 2 h of high tide) during the austral summer. Fish abundance, species richness and assemblage composition were quantified from video footage using the standard Max N statistic (Murphy & Jenkins, 2010) . Fish were then categorized into four trophic groups (i.e. piscivores, zoobenthivores, omnivores and planktivores; following Baker & Sheaves, 2005; Elliott et al., 2007) .
Data analysis
To identify environmental variables that best explained variation in assemblage structure, fish data were examined using global BEST tests in PRIMER (Clarke et al., 2008) . Analyses were applied to Bray-Curtis similarity matrices calculated on square-root-transformed abundance data. Canonical analysis of principal coordinates was used to visualize the influence of significant environmental variables on surf zone fish assemblages (Anderson & Willis, 2003) . Preliminary BEST results indicated that among the metrics indexing 'coastal urbanization', urban land cover within 133 km 2 of each beach was more strongly related to biological data (Appendix S1 in Supporting Information). It therefore was adopted as the primary proxy of urbanization in all subsequent analyses.
Variation in the abundance of individual fish species and functional groups across sites was examined for correlation with coastal urbanization, seascape connectivity and surf condition variables using generalized additive models (GAMs) (Hastie & Tibshirani, 1986) with the MGCV package in R. Analyses examined the spatial distribution of all fish species and functional groups that were recorded at three or more beaches. Model overfitting was reduced by running all possible combinations of ≤ four variables and using ≤ four model knots (i.e. individual polynomial functions that combine to smooth GAMs) (Zuur et al., 2009) . Models were compared using Akaike information criterion corrected for finite sample sizes (AIC c ) with the MUMIN package in R; bestfit models were considered to be those with the lowest AIC c values, and those with ΔAIC c within 2 of this model (Burnham & Anderson, 2002) . The relative importance of variables in each model was calculated by summing weighted AIC c values across all models containing the variable of interest; higher important values indicate greater contribution.
RESULTS
Coastal urbanization and seascape connectivity were correlated with the spatial distribution of fish abundance, species richness and assemblage composition in surf zones of eastern Australia. Urbanization was correlated with spatial variation in assemblage composition and with reductions in fish species richness and the abundance of harvested piscivores. By contrast, spatial linkages between surf zones and estuaries were correlated with the spatial distribution of omnivore and planktivore abundance, and the abundance of two globally threatened guitarfish that are of international conservation significance.
Urbanization effects
The structure of fish assemblages in surf zones was strongly correlated with the level of coastal urbanization behind beaches, the density of drifting macrophytes in the surf and latitude (BioEnv R value = 0.487, P = 0.01) (Fig. 2 , see Appendix S1). Coastal urbanization was of primary importance to the spatial distribution of fish species richness and harvested piscivore abundance (Table 1 , Fig. 3 , Appendix S2). More fish species and a larger number of harvested piscivorous fishes occurred in surf zones bordering beaches that were moderately urbanized, with 32-45% of abutting land converted to urban development (i.e. housing, roads, infrastructure). By contrast, coastal urbanization did not affect the spatial distribution of zoobenthivores, omnivores or planktivores (Table 1, Fig. 3 , Appendix S2).
Coastal urbanization was of greater importance than seascape connectivity, local surf conditions and latitude for the spatial distribution of five harvested fish species, including bluespotted flathead (Platycephalus caeruleopunctatus), bartailed flathead (P. endrachtensis), dusky flathead (P. fuscus), obtuse barracuda (Sphyraena obtusata) and swallowtail dart (Trachinotus coppingeri) ( Table 2 , Fig. 4 , Appendix S2). The abundance of most of these harvested fish species was greatest near beaches that were moderately urbanized (32-45% urban land cover). By contrast, bluespotted flathead were most abundant near least developed beaches (< 10% urban land cover) and swallowtail dart were observed in greatest abundance near urban beaches (75% urban land cover). Bluespotted maskray (Neotrygon kuhlii) were also more abundant near least developed beaches, but this was secondary to the influence of seascape connectivity.
Seascape connectivity effects
Seascape connectivity metrics were strongly correlated with the spatial distribution of omnivore and planktivore abundance (Table 1, Fig. 3 , Appendix S2). Omnivorous fishes were most abundant in surf zones with moderate levels of drifting macrophytes (7-14% cover), whereas planktivorous fishes were common where macrophytes were denser (> 14% cover). Omnivore abundance was also higher near (< 5 km) large (> 1 km in width) estuaries, while planktivores were abundant at sites where the closest estuaries were small (< 0.5 km in width).
Seascape connectivity metrics were of greater importance than coastal urbanization, local surf conditions and latitude to the spatial distribution of eight fish species (Table 2 , Fig. 4 , Appendix S2). The distance of beaches from estuaries was of primary importance to the abundance of bluespotted maskray (N. kuhlii) and large-tooth flounder (Pseudorhombus arsius); maskray abundance was greatest far from estuaries (> 5 km), while flounder abundance was greater near estuaries (< 5 km). Distance to estuary was similarly important to the distribution of whitespotted guitarfish (Rhynchobatus australiae) and yellowtail scad (Trachurus novaezelandiae), which were more abundant nearer to estuaries (< 5 km). 
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Figure 2 Canonical analysis of principal coordinates (CAPs) illustrating relationships among fish assemblages from surf zones of eastern Australia. Ordination based on Bray-Curtis (square root) dissimilarities with separate bubble plots illustrating gradients in coastal urbanization, cover of drifting macrophytes and latitude across all beaches sampled (vectors depict correlations with canonical axes). Fig. 3 ). ‡ Relative important values were calculated by summing weighted AIC c values from all models containing the variable. § The number of secondary models within two ΔAIC c units of best-fit model (see Appendix S2). ¶ Environmental variables with little or no effect (i.e. with important values < 0.5).
Figure 3 General additive models (GAMs) relating the distribution of species richness and fish trophic groups to significantly important environmental variables. Shaded regions indicate 95% confidence intervals. The relative importance of each variable to GAMs is shown in parentheses (fish illustrations sourced from www.efishalbum.com). Colour figure can be viewed at wileyonlinelibrary.com
The abundance of bluespotted flathead, bartailed flathead, giant shovelnose ray (Glaucostegus typus) and common stingaree (Trygonoptera testacea) peaked at sites where the nearest estuary was small (< 1 km in width), while large-tooth flounder were abundant at sites where the nearest estuary was large (> 1 km in width). The distance of beaches from rocky headlands was of primary importance to the spatial distribution of whitespotted eagle ray (Aetobatus narinari), giant shovelnose ray, goldenlined whiting (Sillago analis) and common stingaree (Table 2 , Fig. 4 , Appendix S1). These taxa were abundant in surf zones that were far from headlands (> 15 km), except for goldenlined whiting, which were common near headlands. Distance to headland was also significant for the abundance of bluespotted flathead, whitespotted guitarfish and yellowtail scad. Bluespotted flathead were abundant nearer to headlands (< 5 km), while whitespotted guitarfish and yellowtail scad were more abundant far from headlands (> 5 km).
The density of drifting macrophytes in the surf was of primary importance to the abundance of whitespotted guitarfish and yellowtail scad (Table 2 , Fig. 4 , Appendix S1). Macrophyte density was also important for the abundance of bartailed flathead. Whitespotted guitarfish and yellowtail scad were common in surf zones with moderate levels of drifting macrophytes (7-14% cover), whereas bartailed flathead numbers declined as the density of macrophytes increased.
DISCUSSION
Connectivity and disturbance are critical ecological forces that structure the distribution of animal populations and the composition of assemblages and ecosystems, but joint effects are rarely examined in marine settings (Thrush et al., 2008; Olds et al., 2012c) . Here, we show that in eastern Australia, coastal urbanization was strongly correlated with the composition of fish assemblages and fish species richness in surf zones. Urbanization was also related to spatial variation in the abundance of four piscivores that are heavily fished by local recreational anglers (i.e. bartailed, bluespotted and dusky flathead, and swallowtail dart) (Jordan & Creese, 2015; Webley et al., 2015) . By contrast, seascape connectivity was correlated with the spatial distribution of omnivore and planktivore abundance. Spatial linkages between surf zones and estuaries were also important to two globally threatened guitarfish (i.e. whitespotted guitarfish and giant shovelnose ray) that are classified as globally threatened by the International Union for Conservation of Nature (White et al., 2013) . Environmental variables with little or no effect (i.e. with important values < 0.5).
Urbanization and fishing effects
Fish assemblages in surf zones abutting coastal cities were affected by the degree of coastal urbanization. Species richness and piscivore abundance were consistently lowest in the surf zones of highly urban beaches (e.g. Gold Coast, Mooloolaba). The effect of urbanization on predatory fishes primarily reflects low densities of four mesopredators (bartailed, bluespotted and dusky flathead, and obtuse barracuda) in surf zones fronting coastal cities. These fish are all mediumsized predators that feed on benthic invertebrates and smaller fishes (Baker & Sheaves, 2006; Olds et al., 2012a) , suggesting that urbanization chiefly impacts coastal food webs from the bottom up (i.e. predators are impacted by reductions in the abundance or diversity of their prey). Bottom-up effects of urbanization on surf zone food webs may operate through five complementary mechanisms, which are common, intense and widespread on beaches bordering the most urbanized coastlines: (1) human traffic (i.e. swimmers, boats), (2) beach grooming, (3) beach nourishment, (4) sensorial pollution (i.e. artificial light, noise) and (5) contamination (i.e. plastics, nutrients, chemicals) (Defeo et al., 2009; Huijbers et al., 2015b; Schlacher et al., 2016) . The effects of urbanization on fish assemblages in this study likely result from a combination of these stressors, which operate in concert to reduce water quality in surf zones, decrease feeding options for predatory fishes and physically deter animals from impacted areas. Beach grooming and storm-water run-off impact water quality along urbanized coastlines by increasing turbidity and concentrations of dissolved nutrients and chemical contaminants (Huijbers et al., 2015a) . Human traffic (on foot, in boats or 4WDs), shoreline grooming, beach nourishment and pollution (chemical, noise, light) also reduce the diversity and abundance of invertebrate and fish Figure 4 General additive models (GAMs) relating the distribution of three harvested species: bartailed flathead (Platycephalus endrachtensis) bluespotted flathead (Platycephalus caeruleopunctatus) and large-tooth flounder (Pseudorhombus arsius), and the globally threatened whitespotted guitarfish (Rhynchobatus australiae) to significantly important environmental variables. Shaded regions indicate 95% confidence intervals. The relative importance of each variable to GAMs is shown in parentheses (fish illustrations sourced from www.efishalbum.com). Colour figure can be viewed at wileyonlinelibrary.com populations in coastal seascapes (Wilber et al., 2003; Noriega et al., 2012) . Furthermore, sensorial pollution and chemical pollution trigger behavioural response from predatory fishes (and their prey), and fish tend to avoid areas where water quality is poor, or noise or artificial light are concentrated (Davies et al., 2014; Hawkins et al., 2015) . Artificial light has, however, also been shown to increase the abundance of predatory and prey fishes in estuaries (Becker et al., 2013) . Effects of urbanization were, however, not always negative, as swallowtail dart were slightly more abundant in surf zones abutting the largest coastal cities. This result runs counter to our expectation and suggests that dart may actually benefit in some way from urbanization. Dart are zoobenthivores with home ranges that are an order of magnitude larger than any of the species that were affected negatively by urbanization (McPhee et al., 1999) . They roam widely along exposed coastlines and, therefore, are likely to move through the surf zones of urban beaches frequently, where they may benefit from reduced competition with, or predation by, other mesopredators that are less common in these areas.
Surf-fish assemblages also differed among beaches that had lower levels of urbanization landwards of the surf zone. Fish species richness, piscivore numbers and the abundance of three mid-sized predators (bartailed and dusky flathead, and obtuse barracuda) were lower in the surf zones of near-wilderness areas (e.g. Bribie, Rainbow, Stradbroke) than those of beaches that were moderately urbanized (e.g. Currimundi, Fingal, Tugun). These fish species and functional groups were largely absent from the surf zones of highly urban beaches, and so this result seems at odds with our a priori model for negative bottom-up effects of coastal cities. There is, however, another top-down mechanism through which humans directly impact surf-fish populations. Surf fishing is common from beaches in the study area; fishing effort can be intense and is concentrated in near-wilderness areas that people use for recreation (e.g. holidaying, camping, fishing competitions) (Jordan & Creese, 2015; Webley et al., 2015) . Recreational anglers catch a wide range of mesopredators (i.e. fish that readily consume the baits favoured by anglers use) from surf beaches, but the potential ecological impacts of this practice are rarely tested with empirical data (Lewin et al., 2006; Defeo et al., 2009) . Therefore, it is not particularly surprising that piscivore numbers and fish species richness were lower adjacent to the beaches of wilderness areas, where surf fishing is concentrated. The surf beaches supporting low fish abundance and species richness are all open to 4WD vehicles, which considerably extends the ecological footprint of surf anglers in these areas.
The impacts of urbanization and beach fishing on surf-fish communities have not been widely studied (Defeo et al., 2009; Dugan et al., 2010) . Our findings suggest that bottomup effects of coastal urbanization likely combine with topdown effects of beach fishing to structure surf-fish assemblages, but further research is required to elucidate how these mechanisms interact to modulate regional patterns in fish diversity and abundance.
Seascape connectivity effects
Spatial linkages with estuaries were correlated with the distribution of eight fish species in the surf. These correlations were positive for seven species (bartailed flathead, bluespotted flathead, large-tooth flounder, yellowtail scad, common stingaree, giant shovelnose ray and whitespotted guitarfish), and negative for bluespotted maskray. All of these species use estuarine habitats at some point during their lives. Bartailed flathead, bluespotted flathead and large-tooth flounder use estuaries as juvenile nurseries; their distribution in surf zones is, therefore, potentially structured by the spatial extent of ontogenetic migrations from estuaries to coastal waters Moore et al., 2010; Barnes et al., 2011; Mohammadikia et al., 2014) . Yellowtail scad and the four elasmobranch species (giant shovelnose ray, whitespotted guitarfish, common stingaree and bluespotted maskray) use a range of coastal habitats; both juveniles and adults of these species are common in estuaries, but it is not clear why individuals move among ecosystems in coastal seascapes (Stewart & Ferrell, 2001; Van Den Broek et al., 2011; Weigmann & Thiel, 2013; White et al., 2014) . Coastal waters near estuaries are highly productive and typically support an abundance of small fish and invertebrates, which provide food for predatory fishes ). Flathead, flounder and scad are piscivores (Blaber & Bulman, 1987; Connolly et al., 2009; Barnes et al., 2011) , while guitarfish, rays and stingarees are predators of benthic invertebrates (Marshall et al., 2008; White et al., 2013; Pardo et al., 2015) ; greater numbers of these species in surf zones near estuaries might, therefore, reflect the spatial distribution of their prey.
The proximity of surf zones to rocky headlands was correlated with the spatial distribution of seven fish species, five of which were also affected by the characteristics of estuaries. This correlation was positive for two species (bluespotted flathead and goldenlined whiting), and negative for five species (yellowtail scad, common stingaree, whitespotted eagle ray, giant shovelnose ray and whitespotted guitarfish). It is not clear why bluespotted flathead and goldenlined whiting were present in greater abundance near rocky headlands; both species use estuaries as nurseries and are typically most abundant over sandy substrates that are isolated from rocky reef structure (Hyndes et al., 1996; Kr€ ueck et al., 2009; Moore et al., 2010) . It is also not obvious why the abundance of yellowtail scad and the four elasmobranch species (giant shovelnose ray, whitespotted guitarfish, common stingaree, common stingaree, whitespotted eagle ray) would increase with isolation from rocky headlands. These species use a range of coastal habitats throughout their lives and are not likely to deliberately avoid surf zones that abut rocky headlands (Stewart & Ferrell, 2001; Pierce et al., 2011; Van Den Broek et al., 2011; White et al., 2014) . Correlations between fish abundance and headland proximity might, therefore, reflect underlying spatial variation in other environmental variables that we did not measure. For example, rocky headlands occur in exposed coastal locations that regularly experience strong winds and large waves, and exposure shapes the hydrology (e.g. wave height and period), morphology (e.g. beach width and slope) and sediment characteristics (e.g. grain size) of surf beaches and modifies the composition of benthic invertebrate assemblages (Dexter, 1992; Defeo & McLachlan, 2013) . These effects of exposure influence the availability of food and habitat for fishes and can alter the composition of fish assemblages (Clark, 1997) , but this hypothesis has rarely been tested with empirical data.
The density of drifting macrophytes in the water column was negatively correlated with the abundance of three fish species (bartailed flathead, yellowtail scad and whitespotted guitarfish), all of which were also affected by spatial linkages with estuaries and rocky headlands. These species may avoid areas of high macrophyte accumulation because drifting macrophytes reduce water clarity and accumulations restrict access to the underlying substrate, which limits the foraging efficiency of visual piscivores (e.g. flathead and scad) and benthic carnivores (e.g. guitarfish) (Wilber et al., 2003; Crawley et al., 2006) . Drifting macrophytes are a temporary feature in coastal waters, but surf zones that regularly accumulate macrophytes typically support different fish and benthic invertebrate assemblages to areas that do not (Crawley et al., 2006) . In this study, drifting macrophytes were dominated by four genera of brown algae (Colpomenia, Dictyota, Hincksia and Sargassum) that are exported to surf beaches across South East Queensland from estuaries, rocky shores and offshore reefs (EHMP, 2010) . Spatial linkages with these adjacent 'source' habitats might affect the frequency of macrophyte accumulation in surf zones. Gaining a better understanding of how connectivity affects the spatial ecology of surf fish, therefore, requires data on both direct effects of linkages on fish movement and indirect effects of algal subsidies on fish trophic ecology (Hyndes et al., 2014) .
The spatial patterning of habitats in seascapes plays a pivotal role in structuring species distributions across all marine ecosystems (Grober-Dunsmore et al., 2009; Bostrom et al., 2011; Olds et al., 2016) , but consequences of seascape connectivity for surf fishes are rarely examined empirically . Many studies report on the migration of fishes from estuaries to offshore habitats (e.g. reefs, continental shelves, open sea) (Gillanders et al., 2003; Sheaves, 2009; Nagelkerken et al., 2015) , but few have quantified the ecological effects of connectivity between estuaries and surf zones and beyond Olds et al., 2016) . Two notable exceptions (Ayvazian & Hyndes, 1995; Valesini et al., 2004) report positive effects of spatial linkages with estuaries and reefs on fish species richness in surf zones along the west coast of Australia. Our results extend the geographic scope of this work and suggest that seascape connectivity may be of broad relevance to the ecology and distribution of fish in surf zones. Moreover, our findings show that the abundance of most surf-fish species was correlated with a combination of seascape features. Best-fit models explained between 15% and 92% of variation in fish abundance, but model performance was relatively poor (< 50% of variance explained) for six species (Table 2) . Regional variation in exposure, beach morphology and the proximity of surf zones to offshore habitats (e.g. reefs, for which no accurate maps exist) likely contributed to this unexplained variation. To improve our understanding of the spatial ecology of surf fishes, we must quantify how exposure and beach morphology interact with seascape connectivity to shape fish assemblages in the coastal zone.
Implications for conservation
Most species that were impacted negatively by intense urbanization use estuaries as nursery habitats (Baker & Sheaves, 2006; Moore et al., 2010; Olds et al., 2012a) , suggesting that impacts from coastal development might also reduce the role of connectivity for other species with this life history strategy (Adams et al., 2009; Werry et al., 2012) . Spatial linkages between surf zones and estuaries were, however, correlated with the distribution of eight other fish species, including two globally threatened guitarfish that are of international conservation significance (White et al., 2013) . This finding demonstrates that urbanization does not diminish the role of connectivity for all taxa (particularly omnivorous species with catholic diets) (sensu Brown et al., 2015) and implies that species with diverse feeding strategies and strong links to other ecosystems may in fact be better placed to cope with pressures from coastal development (sensu Layman et al., 2007; Sheaves & Johnston, 2008) . To improve precision and representation in coastal conservation planning, we require empirical data on the scale over which seascape connectivity mediates the distribution of animal populations and ecological functions in dune-beach-surf systems.
CONCLUSION
In this study, we show how coastal urbanization and seascape connectivity (i.e. spatial linkages among habitats in seascapes) combine to shape the spatial distribution of vulnerable and iconic fish species in surf zones. Moreover, our findings suggest that greater connectivity may reduce impacts from coastal development on species with broad dietary niches and strong links to other ecosystems. Connectivity has been shown to promote resistance to, and recovery from, disturbance in coral reef and estuarine seascapes (Mumby & Hastings, 2008; Olds et al., 2012c) , but our results highlight the need for caution when considering the management implications of spatial linkages in seascapes. To optimize spatial conservation planning for diversity, productivity and resilience, we require a clearer understanding of how and where connectivity mediates disturbance effects on coastal populations and ecosystems. Identifying the mechanisms through which coastal cities affect fish assemblages in adjacent surf zones, and quantifying how such impacts are influenced by the spatial patterning of seascapes, will be key to
